TRENDS IN MICROC 


The number of different 
microcontrollers on offer just 
keeps on growing. Nearly every 
single week a new product 
appears on the market. Choosing 
the right microcontroller for a 
particular design is becoming 
increasingly more difficult. 


Reason enough to appraise the 
latest developments. 
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ONTROLLER 


The microcontroller market is mostly dominated by a few 
‘heavyweights’ such as Microchip, Atmel and, to a lesser 
extend, Philips. In addition, there are many smaller manv- 
facturers who make very interesting developments in this 
area. There are also a number of manufacturers who are 
not at all that well known for their microcontroller prod- 
ucts, and are often forgotten 
as a consequence. Names 
that come to mind are 
Toshiba with its TMP86xxx- 
family, and Zilog, the inventor 
of the famous Z80, who now 
offers the Z8 Encore! and 
eZ80 families. Also don't for- 
get Dallas Semiconductor 
with its DS89C420, Cypress with its PsoC (Programma- 
ble System-on-Chip) such as the CY8C27x, or the, until 
recently, completely unknown company Cygnol with its 
C805 1xxx. 

The majority of these products, however i in 
have to have some very desirabl properti 





ier or smaller? 
A very obvious trend is that the micro- 
controllers are becoming increasingly 
more powerful: more memory, more 
inputs and outputs, more integrated 
peripherals, etc. A lesser-known 
development is currently in 
progress at the bottom end of the 
market, both at Microchip, and, to 
a smaller extend, at Atmel. 
For example, Microchip developed 
the 12Fxxx from the 12Cxxx. The 
different letter indicates an important 
difference: the 12C is an OTP (One 
Time Programmable) device, while the 
12F is provided with Flash memory, 
which can be electronically programmed 
and erased a few thousand times. 

These chips are available in either 8- or 14- 
pin packages and are mainly intended for low 
cost applications where until a few years ago 
microcontrollers were avoided because of their size 

or cost. Faithful Elektor Electronics readers will know the 
12C508 (Figure 1), the first member of this family. But 
let us first take a look at the 12F629, which, in its 8-pin 
package has the following to offer: 1 k Flash program 
memory, an EEPROM 128 bytes in size, 64 bytes of 
RAM, 6 l/O-lines, an 8-bit and a 16-bit programmable 
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16-bit devices 
appear to be old hat 


AN ABUNDANCE 
OF CHOICE 





timer. If all of this is not enough, the 12F675 may be 
more appropriate. Incidentally, the numbering scheme 
escapes us. This one is identical to the 629, but in addi- 
tion provides a 10-bit, 4-channel ADC. These ICs operate 
from an internal RC clock source up to 4 MHz or from an 
external crystal up to 20 MHz. 

Atmel hasn't been sitting idle 
in this area either, and has the 
ATtiny- family, which comprised 
nine different versions 
hough it c ee JA 
new, the. 
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3 llers are becoming more common 
smote controls, Microchip has decided to offer the 
rfPIC, Z, literally the radio frequency PIC. This one is part of 
the Pra PIC-family that we discussed just before. In a 
spielt package, the rfPIC contains, in addition to the 
microcontroller, a complete circuit for an ASK- or FSK- 
transmitter (Amplitude or Frequency Shift Keying). Also 
provided, to ensure a stable frequency, a VCO (Voltage 
Controlled Oscillator) and a PLL (Phase Locked Loop), 
based on the crystal frequency of the circuit. 

The basic version, the rf12C509 comprises a 12C509 
and a builtin transmitter. But for the creative among us 
the rf12F675 is much more interesting. This is, after all, 
the aforementioned 12F675 with the radio added. 
Applying these controllers is very simple, as is illustrated 


by Figure 2. 


Trends 


Beside the usual increase of on-chip, integrated memory, 
the last few years show two more main areas of micro- 
controller development. 

The first concerns the operating speed. Although count 
less circuits are still provided with a 4-MHz crystal, the 
product catalogues from the Microchip, Atmel and 
Motorola are full with ICs that will function at 16 or 

20 MHz. Note that it is not that straightforward to just 
compare clock speeds. An ATmegal 28 from Atmel oper- 
ates on a clock frequency of ‘only’ 16 MHz, but executes 
nearly all instructions in a single clock cycle. On the 
other hand, an MC9S12D from the HCS12 family from 
Motorola runs at 25 MHz but requires multiple clock 
cycles per instruction. 

The second main trend concerns the specialisation of the 
internal peripherals. The UART and SPI interfaces have 
been common in the higher-end microcontrollers from 
most manufacturers for many years. But now more spe- 
cialised interfaces are being added. Virtually all manu- 












































Figure 1. A window 
through which the 
memory is erased 

with ultraviolet 
radiation. This 
image will soon be 
condemned to the 
past as a 
consequence of the 
rise of Flash 
memory. 


Figure 2. The RF 
part in an rfPIC is 
easy fo use. 
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facturers support the I2C bus. Sometimes the interface 
operates only in the simplest slave mode, but more often 
than not, in master mode as well. The USB (Universal Ser- 
ial Bus) interface, popular because of the PC-market, is 
quickly making its 
entry into the 
microcontroller 
world. Microchip 
has the 16C745, 
the 765 and the 
future 18F2455, 
255, etc. Atmel 
offers the AT? 1RM3400 and even Motorola has adapted 
a version of the old 6805, such as the 68HC705JBx. 


rfPIC12F675 
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The use of microcontrollers in cars is 
becoming increasingly important 


ARM 


On our whirlwind tour of the microcontroller world we 
cannot ignore the products from ARM. Although ARM, 
strictly speaking, doesn't actually manufacture microcon- 
trollers, it has provided for many years the 32-bit cores 
that well known manufacturers such as AMI, Atmel, Cir- 
rus, Philips, Samsung, STMicroelectronics, Texas Instru- 
ments and even Intel happily use in their own products. 
We get the impression that this concerns an important 
development. Why worry about developing your own 
32-bit microcontroller when an industry-accepted core 
already exists? The need for increasingly advanced prod- 
ucts, which, at the same time, are still easy to maintain 
and use, inevitably influences the intelligence of each sys- 
tem: the microcontroller. The need for an ever-increasing 
number of functions translates into a transition from the 
traditional 4- or 8-bit controllers to 32-bits. It seems that 
progress has skipped over the 16-bit versions, because 
32-bit offers a much higher performance and unequalled 


flexibility. 


Applications 


Especially in cars, the use of microcontrollers is becoming 
increasingly important. This has resulted in manufacturers 
not only integrating CAN-bus controllers on their chips 
but the microcontrollers themselves are becoming more 
advanced. This is the case, for example, with the 
18F2332 from Microchip, which can operate at 

40 MHz. The same is true for the MC68HC908MRx from 
Motorola. 

Even in this ocean 
of digital chips, the 
analogue world 
has not been for- 
gotten. These days, 
all manufacturers 
have ICs in their 
product catalogues 
with advanced analogue/digital-converters. An example 
is the ATmegal 28 from Atmel. It contains a 10-bit, 8- 
channel model, which operates in normal mode (single 
ended) as an 8-channel converter. 7-channel differential 
mode is also possible and 2 channels are provided with 
an integrated programmable amplifier (1 to 200 times). 
For many applications there is no longer the need to 
resort to an external converter. 

The addition of internal peripherals has no negative 
impact on the amount of memory. On the contrary, the 
better-endowed ICs often contain memories of amazing 
size. Table 1 provides an overview of the three ‘largest’ 
presently available microcontrollers from Microchip (the 
18Ooocfamily], from Atmel (the ATmega-family) and from 
Motorola (the HCS12-family). Conspicuous in this table is 
the MCS12H256B from Motorola (Figure 3) with the 
overwhelming 99 parallel |/O-lines and 256K-Flash 
memory. This is quite a bit different than the 68705P3 
with 20 |/O-lines and 1.6K-memory. 


e 
Phoenix 
You know, the mythical bird that rose from its own ashes. 
There is a microcontroller that we certainly have to give 
some attention despite the fact that we're now in the sec- 


ond half of 2004: the 8051. Even though this microcon- 
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troller, in its basic form, first appeared on the market at 
the end of the 80's, it is still the basis for many new 
developments. 

Despite its respectable age, the 8051 has survived 
thanks not only to the addition of new internal peripher- 
als and expansions to the program memory, but also 
additional features that used to be considered impossible 
[such as in-circuit-programming, discussed further on in 
this article). 


IF the 8051 assembler doesn't hold any secrets for you 
any more, then you should take a look at the AT89xxx 
family from Atmel. All ICs in this family were developed 
from the 8051, but have in-circui-programming, new 
internal peripherals and expanded program memories. 
If you find that these ICs are a little too ‘well-done’ then 
maybe the new Philips family P89LPC900 has something 
to offer you. If this name doesn't mean anything to you 
then you should dive into your Elektor Electronics archive 
for the October and November 2003 issues in which this 
IC was discussed extensively. 


Programs and development tools 


Initially, that is to say, when a microcontroller barely con- 
tained 1 or 2 kB of memory, programming in assembler 
was the only real option. The available memory would 
easily have been filled with a few lines of a higher pro- 
gramming language, because a single line usually results 
in numerous lines of assembly language as a result of the 
‘expansion urge’ of the compiler. 


The assembler is still an indispensable tool if we want to 
create a genuine real-time program or if we want to 


obtain the greatest possible performance out of the micro- 


controller. But these days, the preference is to use a 
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higher programming language. Most programmers now 
select either BASIC or C in preference to assembly. 

There are now C compilers for all microcontroller fami- 
lies. This varies from the quite pricey products such as the 


Table 1. Main specs of three modern controllers from Atmel, Microchip and Motorola. 


Parameter ATmega128 (Atmel) 18F8720 (Microchip) | MC9S12H256 (Motorola) 


Flash program memory 128K 
EEPROM data memory AK 
RAM memory AK 
8-bit timers 

16-bit timers 

Capture and compare timers 

PWM channels 

I/O lines 


UART (serial asynchronous 
interface) 


SPI 


[serial synchronous interface) 
I2C interface 
A/D converter 8 channels 


A/D resolution 10 bits 


Analogue comparators 





Maximum clock frequency 16 MHz 
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32 MHz 
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CCS C PIC compiler to the freeware PICC-Lite C compiler For the 8051 family there is, among others, a special 


from Htsoft, which is often sufficient for many applica- Bascom version from MCS, and SDCC, a free C com- 
tions. piler. Only the 
For those who Motorola prod- 


prefer not to ucts suffer from a 


work in C or Most prog rammers now prefer sparse availabil- 


assembler there ity of compilers, 
are excellent BASIC Or C Over assem bler since the amount 
BASIC-compilers, on offer is 


such as the absolutely mini- 
PicBasic Pro Compiler from Micro Engineering Labs and mal. 

Proton from Crownhill Associates. For the AVR-family from Accepting the fact that most software developers often 
Atmel you could use Bascom AVR from MCS Electronics. use identical programming elements, Microchip has 


come up with an original idea: a new program called 
Maestro. Using this, you can develop an application with 
next to no actual programming. This development envi- 
Vpp from circuit ronment can be downloaded free from the Microchip 
© website and makes it possible to stick together standard 
modules. In this way a program can be put together 
nearly automatically. 





pu In addition to a compiler, a microcontroller project also 


requires other development tools. Microchip and Atmel 
microconteoiler have the upper hand here with MPLAB (Figure 4) and 
AVR Studio respectively. These development environ- 
ments, running under Windows, contain everything a 
programmer could only dream of a few years ago, 
— including a program simulator. This development is still in 
progress, because MPLAB is currently up to version 6.5 
and AVR Studio is up to version 4, so that even new 
products are well supported. 


Px 






(0) fe) : 
Figure 5. Operating SEN Se Nos Jim) Despite the remarkable number of features these develop- 
principle of in- ment tools are completely free. You only need to down- 
circuit programming bob Y load them from the manufacturer's website to get started. 
(ISP or ICSP). to remainder of circuit PPS It has to be noted that Motorola and other lesser-known 
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manufacturers are running behind in this area, certainly 
when compared with these free products. 


In circuit programming 

Although it isn't really new, ISP (In System Programming) or 
ICSP (In Circuit Serial Programming) is without doubt the 
most important development regarding the programming 
aspect. When the programmer has created the program in 
the correct form, microcontrollers that support it can be 
programmed from a standard PC via a very simple inter- 
face, while the 
controller itself 
can remain in the 
circuit. 

Figure 5 illus- 
trates the operat- 
ing principle of 
this concept. The 
microcontroller 
obtains its power 
supply and clock 
signal from the 
PCB. Two or three port pins on the IC temporarily have an 
alternative function, which makes it possible to erase and 
program the program memory. If the application doesn't 
use these pins, then they may be connected directly to a 
PC. Otherwise a few jumpers or DIP switches may be 
required to isolate the circuit during programming. 

All modern microcontrollers with Flash memory support 
this programming method and on the Internet countless 
free software can be found for all the various controllers 
to program them in this way. 

A program that distinguishes itself in this respect is FLIP 
(Figure 6). It is offered free by Atmel and can program 
countless microcontrollers from this manufacturer, pro- 
vided they have some kind of serial interface (RS232, 
SPI, USB and even CANc-bus]. This is currently the most 
versatile program around. 


Microcontrollers or not? 


In this article we must not forget to mention special micro- 
controllers such as the Basic Stamp, the PIC Basic and the 
Basic Tiger. These ICs with 24, 28 or 40 pins have, on a 
tiny PCB, a fast microcontroller, which is pre-programmed 
with an interpreter for a higher language. This is usually 
BASIC, but other programming languages are emerging, 
such as Java for the Javelin Stamp from Parallax. Even 
programming in an object-oriented language is possible 


with the OOPic. 


Internet addresses 


Author's website (in French): http://www.tavernier-c.com/ 


Conventional microcontrollers and development tools 


ARM: http://www.arm.com/ 

Atmel: http://www.atmel.com/ 

Microchip: http://www.microchip.com/ 

Cygnal: http://www.cygnal.com/ 

Cypress: http://www.cypress.com/ 

Motorola: http://mot-sps.com/ 

Philips: http://www.semiconductors. philips.com/ 
Toshiba: http://www.toshiba.com/taec/ 
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Free development tools running under 
Windows contain everything that program- 
mers until recently could only dream of 


Even though these products are very successful, they are 
very expensive compared to real microcontrollers, mainly 
because of they way they are manufactured. They seem 
to be most suitable for experimental applications or small 
production runs. 


Conclusion 


Much more can be said on this topic. But if we have to 
summarise the developments of the microcontroller area 
in a few words, then we can say that the advance of 
microcontrollers 
in all aspects of 
electronics is 
becoming 
increasingly 
important. These 
can be either 
more powerful 
devices on the 
one hand or with 
ever smaller and 
cheaper versions 
on the other hand. The application of microcontrollers is 
becoming easier and easier with free development tools 
and powerful compilers. 
The microcontroller has become an indispensable part of 
electronics. This is testified by the many projects contain- 
ing microcontrollers that have already appeared and will 
appear in Elektor Electronics. 

(040165-1) 
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Zilog: http://www.zilog.com/ 


Special microcontrollers 


http://www.parallax.com/ 
http://www.oopic.com/ 
http://www.wilke.de/ 


Parallax: 
00Pic: 
Basic Tiger: 


Compilers 


CCS C Pic Compiler: 

PICC-Lite C Compiler: 

Bascom AVR en Bascom 8051: 
Proton - Basic compiler: 
PicBasic (Pro) Compiler: 

SDCC Compiler: 


http://www. ccsinfo.com/ 
http://www.htsoft.com/ 
http://www.mcselec.com/ 
http://www.picbasic.org/ 
http://www.melabs.com/ 
http://sourceforge.net/projects/sdcc 





Figure 6. The FLIP 
software program 
Írom Atmel for the 
in-circuit 
programming via 
practically any 
serial connection. 
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